well. Proportions of long-chain polyunsaturated fatty acids in the colostrum compared to the mature 28 milk were clearly higher. This appeared similarly in all groups and was not influenced by the 29 oilseed treatment. Compared with the physiological time effects, the effects of the oilseed 30 treatments were weak. It was possible to load the adipose backfat tissue with ALA by 31 supplementing linseed in the dry period, but the magnitude of this increase was small. Milk fat 32 profile was not affected accordingly, although the changes found in adipose tissue post partum 33 suggested the preferential mobilization of ALA during early lactation. Supplementing sunflower 34 seed instead of linseed in the dry period did not elevate LA proportion in adipose tissue nor affected 35 linoleic acid in milk. By contrast, direct transfer of LA, and especially of ALA, from feed to milk 36 happened when sunflower seed or linseed were fed in the lactation period of the experiment. 37
Overall this suggests that strategies aiming at changing n-3 fatty acid concentrations in milk fat 38 composition by loading the adipose tissue of dry cows with ALA are not effective. 39 be recovered in the colostrum of cows. However, this period of elevated ALA had been 68 unexpectedly short. 69
Another aspect is that the dietary proportions of ALA (n-3) and linoleic acid (LA; 18.2n-6) are 70 decisive for the formation of corresponding long-chain polyunsaturated fatty acids (PUFA) as both 71 compete for the same enzymes required for endogenous chain-elongation and desaturation 72 (Barceló-Coblijn and Murphy, 2009) . Since in previous studies with transition cows, linseed 73 supplements were rarely compared with LA containing fats the question whether the dietary 74 LA/ALA proportion during the dry period influences the long-chain PUFA in subsequent milk 75 synthesis is not yet investigated. 76
The first objective of the present study was to investigate whether adipose tissue can be loaded 77 with ALA or LA by feeding linseed or sunflower seed during the anabolic phase ante partum. 78
Secondly, the hypothesis that during the catabolic phase post partum ALA is preferentially released 79 from adipose tissue had to be tested. Thirdly, we determined whether the character of the lipids fed 80 ante partum contributes to the PUFA profile in colostrum and mature milk. The overall aim of this 81 study was to determine the extent of ALA loading and mobilization more directly than had been 82 possible previously (Santschi et al., 2009) . 83 84
Materials and Methods 85

Experimental Design 86
In a completely randomized block design, four groups of six cows in their dry period were 87 allocated to four dietary treatments. Concentrates containing oilseeds were offered at 1.8 kg DM/d 88 per cow during the dry period and early lactation. One concentrate was characterized by high 89
proportions of linseed (L concentrate; Table 1), the other one was based on sunflower seed (S 90 concentrate). Two control groups received either always L or S (further on denoted as L/L and S/S; 91 Table 2 ). The third group received a 1:1 mix of L and S in the dry period and S during the lactation 92 7 taken from the subcutaneous tissue at a depth of about 2.5 to 3 cm. The tissue sample 145 (approximately 0.5 g) was stored in heptane (containing butylhydroxitoluol) at -20°C. The wound 146 was then treated with a disinfectant solution and left open to heal by secondary intention. 147
The blood samples were drawn in the same intervals as cows were weighed. Dual blood samples 148 (span between collections: 1 to 2 d) were taken from the jugular vein by a 50 ml syringe at 1.00 149 p.m. after cows had been fasted for 2 h. The blood was immediately transferred to three tubes 150 containing either EDTA, heparine or fluoride as anticoagulants. The tubes were stored on ice until 151 being centrifuged at 1500 × g and 4 °C. The resulting plasma then was stored at -20°C. 152
Milking was performed daily at 5 a.m. and 5 p.m. by a milking system with an automatic milk 153 recording system (Metatron, Westfalia Landtechnik, Oelde, Germany). With this system, samples 154 were collected twice weekly, each from evening and morning milking. Colostrum samples were 155 drawn by hand from the first four milkings. One part of the samples was conserved with 2-bromo-2-156 nitropropanone-1,3-diol (Bronopol, D&F Inc., Dublin, CA) and stored at + 5°C for < 5 d. The other 157 part was pooled proportionately to milk amounts and then stored at -20° for later FA analysis. The 158 latter analysis was performed for samples obtained on d 1, 2, 10, 20, 30 and 40 of lactation. 159
Proximate analysis 160
Proximate analysis of feeds was performed according to AOAC (1997) , including DM and total 161 ash (AOAC index no. 942.05; using a TGA-500 furnace, Leco Corporation, St. Joseph, Michigan) and N 162 (AOAC index no. 977.02; using a C/N analyzer, type FP-2000, Leco Corporation, St.Joseph, MI) . 163
Contents of NDF and ADF were analyzed with a Fibertec 1020 system (Tecator; Höganäs, 164 Sweden). Concerning NDF, α-amylase (Termamyl 120L, type S; Novo Nodirsk A/S, Bagsvaerd, 165 Denmark) was used but no sodium sulfite (Van Soest et al., 1991 
Lipid extraction and analysis 179
The lipids in the feeds were extracted with a hexane-isopropanol solution (3:2) (with addition of 180 butylhydroxitoluol) in an Accelerated Solvent Extractor (ASE200, Dionex Corp., Sunnyvale). 181
Heneicosanoic acid (21:0-Triglyceride, Fluka, Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) 182 was added as an internal standard. After saponification with methanolic sodium hydroxide, 183 methylation was catalyzed with BF 3 as described by Richter et al. (2010) . Subsequently to 184 purification on a silica gel column and evaporating the solvent, FAME were dissolved in hexane 185 and injected into a GC (HP 6890, Hewlett-Packard, Wilmington Pennsylvania) equipped with a 186 Supelcowax-10 column (30 m × 0.32 mm × 0.25 µm, Supelco Inc., Bellefonte, PA). Amounts of 1 187 µl were applied by split injection (1:30, split temperature 260 °C). As carrier gas hydrogen was 188 used with a flow rate of 2.2 ml/min. Initial oven temperature was 160 °C for 0. The frozen adipose tissue biopsies were defrosted in a water bath at 40°C allowing lipids from 193 the adipocytes to be better dissolved in n-heptane after homogenization. After evaporating theheptane, the lipids were dissolved in hexane and centrifuged. The upper phase was transferred into a 195 new vial. Subsequently, lipids were methylated with BF 3 according to IUPAC (1987) . In order to 196 prevent artifacts caused by cholesterol, the FA methyl esters (FAME) were sprayed onto a thin layer 197 chromatography glass plate of a size of 20 × 20 cm coated with silica gel 60 F 254 (Merck KGaA, 198 Darmstadt, Germany). The plates were developed vertically in a solvent system of hexane-diethyl 199 ether-acetic acid 70:30:1 (v/v/v; according to Kaluzny et al., 1985) for approximately 30 min until 200 the solvent had reached the upper border of the plate. The plates were sprayed with a fluorescent 201 dye (2',7'-dichloro fluorescein, Fluka, Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) and the 202 FAME were identified and marked in UV-light (440 nm). After separation, the area with the FAME 203 was scratched into a tube and resolved in hexane. Subsequently, the same GC method as with the 204 feeds was applied. 205
Colostrum and milk were thawed in a water bath at 37 °C and then gently mixed to achieve an 206 even distribution of the milk fat. Fatty acids were extracted by the cold esterification method of 207 Suter et al. (1997) , using an internal standard solution consisting of triundecanin, tetradecen, 208 pelargonic acid methyl esters and trivalerin. The FAME obtained were analyzed with the same 209 column as used for the other FAME analyses, but with a modified method. Split temperature was 210 250 °C, flow of hydrogen 2.6 ml/min and initial oven temperature was 80 °C for 0.5 min, followed 211 by and increase of 10 °C/min up to 230 °C; an isothermal phase with 230 °C for 4.5 min, an 212 increase of 20 °C/min up to 250 °C and an other isothermal phase at 250 °C for 4 min. An amount 213 of 1 µl was applied by split injection (1:30). A butter-fat standard (BCR 164, EC Reference 214 Materials, Brussels, Belgium) was used for the determination of an overall response factor. 215
Individual response factors for short chain FA were determined by using a reference milk powder 216 (SRM 8435, National Institute of Standards and Technology, Gaithersburg, MD). 217
For separation and identification of the C18:1 cis and trans isomers in colostrum and milk, a 218 second FA analysis run was performed with a Varian CP7421 column (200 m × 0.25 mm ×0.25 µm 219
Varian BV, Middelburg, The Netherlands). An amount of 1 µl of the FAME was injected with a 220 split of 1:50. Initial oven temperature was 181°C for 60 min, followed by an increase of 5°C/min up 221 to 230°C, an isothermal phase with 230°C for 32 min; then increase of 5°C/min up to 250°C and 222 again an isothermal phase with 250°C for 12 min. Hydrogen was used as carrier gas with a flow of 223 1.7 ml/min for the first 59 min. Then the flow was decreased to 1.3 ml/min which was kept until the 224 end of the analysis. Detector temperature was 300°C. The major FA were identified based on a 225 mixed FAME standard (Supelco 37 Component, Supelco). Branched-chain fatty acids and other 226 isomers, not included in the Supelco 37 standard, were identified by comparison with 227 chromatograms published by Kramer et al. (2002) and Collomb and Bühler (2000) . 228
Calculations and Statistical Analysis 229
Milk data was used to calculate
protein (g/kg) + 0.017 × lactose (g/kg)] / 3.14 (ALP 2008). Data was subjected to analysis using the 231
Mixed procedure of SAS (Version 9.1, SAS Institute Inc., Cary, NC) applying two different models. 232
Model 1 included only treatment as an effect and was separately applied for intake data before and 233 after calving. Model 2 was applied for all other data and considered as effects treatment (α), 234 sampling date (τ; represented either by week or, for milk data, by DIM), the interaction of α and τ as 235 well as animal (χ) as subject for repeated measurement. As error terms, animal within group and 236 time (ε) and the residual error of the whole model (γ) were considered. 237
In the tables 3-7, LSM and the corresponding SE are given. Where treatment or sampling date 239 were significant within the whole model, LSM were compared with Tukey's method both for 240 treatment and sampling date (measurement wk or DIM). From the biopsy data (Table 5 ) one cow of 241 group C/C and one of L/C had to be excluded due to unsufficient biopsy material. The same was 242 done for one cow of group L/S for the BHBA concentrations in blood plasma, due to a damaged 243 sample (Table 4) . Breed effects had been tested before by a GLM procedure and no significances 244 had been found. Therefore, breed was not included in the models applied here. 245
3.1.Intake 248
During the dry period, DMI was 12.3 kg/d on average, thereof 1.8 kg/d concentrate (Table 3) . 249
Total DMI after parturition was 18.7 kg/d on average, whereof 5.7 kg/d was concentrate. Across the 250 entire experimental period, no considerable differences between treatments occurred in either forage 251 or concentrate intake or total DMI. 252
3.2.Blood metabolites 253
In blood plasma, none of the variables was affected by treatment (Table 4 ). However, levels of 254 all variables significantly changed with time; this mainly after calving and during early lactation. 255
Triglycerides decreased to less than half after parturition, BHBA increased to more than 2-fold 256 levels. NEFA increased in wk 3 after parturition and then decreased again. However, the latter 257 change was significant only in group L/S. After parturition, leptin increased while IGF-1 sharply 258 decreased. Glucose and insulin were both reduced in wk 3 post partum compared to the period 259 before calving. Glucose levels slightly recovered from initially low post partum levels in wk 6, but 260 insulin levels remained low. 261
3.3.Body condition, backfat thickness and backfat composition 262
No effects of treatment on BW, BCS and backfat thickness occurred (Table 4) . Parturition 263 resulted in a loss of BW (P < 0.05). A decrease in BCS and backfat thickness after parturition was 264 significant only for groups S/S and L/S, which led to a significant overall interaction of time and 265 treatment for these parameters. 266
For most of the fatty acids, diet treatments did not significantly change the FA profile of the 267 backfat both ante and post partum (Table 5 ). However, all groups fed with linseed ante partum had 268 higher ALA proportions in the backfat obtained in week -2 (P < 0.05). For the backfat obtained in 269 week 6 post partum, group L/L showed significantly higher ALA values than all other groups. 270
Furthermore, time effects (P < 0.05) occurred in some FA. Across all diets, total BFA proportion in 271 backfat increased (P < 0.05) after parturition, which was also true for 18:0 and LA. The proportion 272 of 18:3n-3 in backfat was lower across all groups (P < 0.001) post partum than ante partum. 273
Concerning individual groups, this decline was significant only in the L/S treatment. These changes 274 led to an increase (P < 0.001) of the n-6/n-3 ratio after parturition across all groups and, 275 specifically, in group L/S. 276
3.4.Milk yield and composition 277
Energy corrected milk yield was not influenced by treatment but varied with DIM and reached a 278 maximum around the d 20 of lactation (38.8 kg/d on average; Table 6 ). Fat and protein contents of 279 the milk decreased with time, but were not affected by treatment. Lactose content increased with 280 time in group L/L (P < 0.001), leading to a difference (P < 0.05) between groups S/S and L/L when 281 cows were 30 and 40 DIM. 282
The proportions of total short-and medium-chain saturated FA (4:0-14:0) in milk fat were 283 lowest in all groups when cows were 10 DIM and were highest between 30 and 40 DIM (Table 7) . 284
There was a treatment effect (P < 0.05), with an increased proportion of the short-and medium-285 found around the d 10 of lactation, the lowest values right at the start. Across all treatment groups 291 the proportion of PUFA was similar but decreased (P < 0.05) from the first colostrum to the end of 292 the experiment. Proportions of 20:4n-6 were higher by up to 2.5 times and those of 22:5n-3 were 293 higher by up to 3 to 4 times in colostrum than in mature milk (Fig. 1) . However, no effect of 294 treatment and no treatment × DIM interaction on the proportions of these FA were found. In the n-295 6/n-3 ratio a clear treatment effect (P < 0.001) occurred, with the ratio being lower (P < 0.05) in 296 group L/L than in all other groups from 20 DIM onwards. The interaction of treatment × DIM was13 significant, too (P < 0.001), which was explained by the increasing difference between L/L and the 298 other groups and the shift in the position of the highest level from initially S/S to the L/S treatment. 299
Proportions in total fatty acids of stearic acid (18:0) and oleic acid (18:1c9) increased whereas LA 300 and ALA decreased (P <0.05) from the colostrum to the mature milk (Fig. 1 ). The 18:1 trans10 and 301 trans11 (vaccenic acid) monoenes and, somewhat less clear, 18:2c9t11 (rumenic acid) were highest 302 concentrated between 10 and 20 DIM (Fig. 2) . In the colostrum of the first day in milk, the different 303 ALA concentrations of the diets ante partum were reflected, but disappeared already at the second 304 day (Fig. 1) . Treatment effects of the diet post partum (P < 0.05) on octadeca acids were found for 305 group L/L, where proportions in milk fat of 18:1t10 and LA were lower and of ALA were higher (P 306 < 0.05) compared to the other groups. Proportions of 20-and 22-PUFA were always higher (P 307 <0.05) in the colostrum than in the mature milk. 308 309 310 4. Discussion 311
4.1.Metabolic effects of lipids rich in α-linolenic acid and linoleic acid around parturition 312
The overall results for the metabolic parameters investigated in the present study agree well 313 with a recent broader study on transition cows (Graber et al., 2010) ALA from linseed had an effect only on ALA but not on long-chain PUFA in colostrum in the 346 present study, might reflect a bottleneck of endogenous chain elongation (Pawlosky et al., 2001) . 347
But it could probably also indicate that physiologically necessary concentrations of n-3 PUFA in the 348 colostrum were maintained also in the sunflower groups and these were not ALA deficient in that 349
respect.
It has been demonstrated in growing cattle (Fincham et al., 2009) and sheep (Palmquist et al., 352 2004) that the diet may influence the FA profile of subcutaneous adipose tissue on the long term. 353
One question in the present study was, whether such a loading is also possible in adult dairy cows 354 during the comparably short dry period. However, this selective preloading, as measured in the 355 subcutaneous backfat, succeeded only for ALA, which might be due to the generally limited backfat 356 gains in this period, as obvious from the lack of clear changes in backfat thickness. Although clear 357 effects of LA feeding on backfat composition were demonstrated for sheep (Palmquist et al., 2004) , 358 in the current study group differences were noted only for ALA in the preparturient adipose 359 biopsies. The data for the biopsies post partum show that this effect was not long lasting, probably 360 due to the high adipose tissue turnover in early lactation (McNamara, 1989; Martin and Sauvant, 361 2007) . 362
4.4.Mobilization of linoleic acid and α-linolenic acid from adipose tissue and its influence on milk 363 fat composition 364
One hypothesis has been that, along with the mobilization of body reserves, ALA and LA are 365 preferentially released and thus their occurrence in milk should be increased in early lactation of 366 cows, especially when the adipose tissue had been loaded with these FA before. This hypothesis 367 was based on the findings of Soppela and Nieminen (2002) Ca, 193 g; P, 56.8 g; Mg, 90.9 g, Na, 45.5 g, Zn, 4.5 g; Mn, 2.3 g; Cu, 0.6 g, Se, 34 mg; I, 23 mg; Co, 17 mg; vitamin A, 909,000 IU, 531 vitamin D3, 136,000 IU; vitamin E, 1875 mg. 532 5 Fed only from start of adaptation through early lactation. Forage composed as grass silage, 60%, corn silage, 30% and hay B, 10% (on a DM basis) together 533 with 12g/kg of a mineral-vitamin mix consisting (per kg) of: Ca, 193 g; P, 56.8 g; Mg, 45.5 g, Na, 45.5 g, Zn, 3.4 g; Mn, 3.5 g; Cu, 0.9 g, Se, 17 mg; I, 23 mg;  534 Co, 23 mg; vitamin A, 1,140,000 IU, vitamin D3, 227,000 IU; vitamin E, 1875 
